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Ａｂｓｔｒａｃｔ
ＭｏｓｔｏｆｔｈｅＳＭＲ(SwitchedModeRectifier)aredrivenatthevariableswitching
frequencybyusingsuchtheanaloguecircuitsasOpAmplifierandVCO（Voltage
ControlledOscillator),however,theanaloguecircuitsneedsmanyelectricpartsand
troublesomecircuitadjustments
lnthispaper,thenovelDCoutputvoltagecontrolｍｅｔｈｏｄｆｏｒｔｈｅＳＭＲｕｎｄｅｒｔｈｅ
ｆｉｘｅｄｓｗitchingfrequencyandconstantcurrentmode（CCM）Operationisreported
Thefixedswitchingfreｑｕｅｎｃｙｍａｋｅｓｉｔｅａｓｙｔｏａｐｐｌｙｔｈｅｍｉｃro-processortothe
drive-circuit，whichcausesthedrive-circuitnotｏｎｌｙｓｉｍｐｌｅｏｎｅｂｕｔａｌｓｏｅａｓｙｔｏｂｅ
ｄｅｓｉｇｎｅｄＡｓｆｏｒｔｈｅＳＭＲ,theBuckBoosttypeSMRwasstudied,astheDCoutput
voltagecanbesettleｄｆｒｅｅｆｒｏｍｔheACinputvoltage、
ＡｓｔｈｅＳＭＲｈａｓｔｈｅｃｏｎｓｔａｎｔＤＣｏｕｔｐｕｔpowercharacteristics，theDCoutput
voltageinverselydependsontheDCoutputOoad)currentwhentheDCoutputvoltage
isnotcontrolled・ThenovelDCoutputvoltagecontrolmethodwasdiscussedonthe
theoreticalandsimulatedbases．
ＬＩＮＴＲＯＤＵＣＴＩＯＮ
ＩｔｉｓｏｎｅｏｆｔｈｅｕｎｉｑｕefeaturesfortheBuck-BoosttypeＳＭＲ（SwitchedMode
Rectifier),thattheDCoutputvoltagecanbesettledindependentlytothecrestvalue
ofACinputvoltage・However,ｔｈｅDCoutputvoltagevarieswidelywiththevariation
oftheloadcurrent,whennoadequateoutputvoltagecontroltechniqueisadapted
lnthispaper，ｉｔｉｓｒｅｐｏｒｔｅｄｈｏｗｔｈｅＳＭＲｇｅｔｓｔｈｅＤＣconstantoutputvoltage
characteristicswhenｔｈｅＳＭＲｉｓｏｐｅｒａｔｅｄｕｎｄｅｒｔｈｅｆｉｘｅｄｓwitchingfrequencyandthe
constantcurrentmode(CCM)ｏｐｅｒａｔｉｏｎ
ＡｓｆｏｒｔｈｅｓｔｕｄｙｆｏｒＤＣＭ（DiscontinuousCurrentMode）atthefixedswitching
frequencyOperation，theprecisediscussionwasalreadyreported')2)．
ＴｈｅＳＭＲｄｒｉｖｅｎｂｙｔｈｅｆｉｘｅｄｓｗｉｔｃｈｉｎgfrequencyiseasilycontrolledbythe
micro-processorsystemandthedesignofthelow-passfilterforthｅＳＭＲｂｅｃｏｍｅｓ
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simpleoneThesearetheanothergreatfeaturesofthisnewmethod．
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Ｆｉｇ・lshowsthefundamentalcircuitdｉａｇｒａｍｏｆｔｈｅＢｕｃｋＢｏｏｓｔｔｙｐｅＳＭＲａｎｄＦｉｇ．
２showstheidealreactorcurrentwavｅ－ｆｏｒｍｏｆｔｈｅＳＭＲｕｎｄｅｒｔｈｅｆｉｘｅｄｓｗｉtching
frequencyandCCMoperationｌｔｉｓａｓｓｕｍｅｄｔｈａｔｔｈｅｓｗｉｔｃｈ－ｏｎｄｕｒationofeach
switchingsegmentissosettledthatthereactorcurrentiscontrolledwithintheranges
ofupperlimit-lineofIbsin(Ｍ)(where,Ipisthecrestvalueoftheenvelopecurrent）
andlowerlimit-lineofwIbsin("β）（where,０≦腕く１).Atthecrestpointofthe
envelope,ｔｈｅＬｉｓｇｉｖｅｎｂｙＥｑｌ．
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Ｆｉｇ．５Simulatedreactorcurrentandenve‐
lopewave-forms
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Fig6DCoutputcharacteristicsofＳＭＲ
Ｐ６ｕｆＬ＝（２）〃（1-腕2)ﾉｺﾞ;昌sin2("β）
ＴｈｅＬａｎｄｌｐａｒｅｆｉｘｅｄｂｙｓｏｌｖｉｎｇｔｈｅＳimultaneousEquation(1)ａｎｄ(2),whenthe
valuesofHc,Vbc,ＰＭ,九Ｗａｎｄ／ａｒｅgiven・
Ｉｎｏｒｄｅｒｔｏｔｒａｃｅｔｈｅｔｕｒｎｅｄｐｏｉｎｔｓｏfthereactorcurrentontheupperandlower
sinusoidalenvelopes,ｔｈｅｔｗｏｓｅｇｍｅｎｔｓｐａｉｒｍｅｔｈｏｄｗａｓａｄａｐｔｅｄａｓｓｈｏｗｎｉｎＦｉｇ３,as
alltheturnedpointscouldnotsettledontheenvelopecurrentwave-formsintheactual
circｕｉｔｏｗｉｎｇｔｏｔｈｅｆｉｘｅｄｓｗｉｔｃｈｉｎｇｆｒｅquencyoperationWhentheACinputpｏｗｅｒｔｏ
ＳＭＲｄｕｒｉｎｇｔｈｅｎ－ｔｈｓｅｇｍｅｎｔｗasstudied，ｉｔｗａｓｆｏｕｎｄｔｈａｔｔｈｅｒｅｗａｓｔｈｅｒｅａｃｔｉｖｅ
ｐｏｗｅｒｃｏｍｐｏｎｅｎｔａｓｓｈｏｗｎｉｎＦｉｇ４ａｎｄＥｑ３,however,thisreactivecomponentcan
beneglectedintheactualcircuitbecauseｏｆｔｈｅｈｉｇｈｓｗｉｔｃｈｉｎｇｆrequency、Therefor
thereisnoreactivecompoｎｅｎｔａｔｔｈｅＤＣＭｏｐｅｒａｔｉｏｎｏｒｍ＝０．
'(")－号[(1-")か喫{I-c等2"`}+半獅zD2sM",］
＝[Activepower]＋[Reactivepower］
(3)
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Ｆｉｇ５ａｎｄ６ｓｈｏｗｔｈｅｓｉｍｕｌatedreactorcurrentandDCoutputcharacteristicsofthe
Buck-BoosttｙｐｅＳＭＲ,respectively・ＴｈｅｒａｔｉｎｇｓｏｆｔｈｅＳＭＲａｒｅＰｏｕｔ＝５００Ｗ,VDc＝
238Ｖ，IDC＝１．７７Ａ，ＶＡＣ＝１００Ｖ，ｆ＝６０Ｈｚ，ｆｓｗ＝２．４ｋＨｚ，ｍ＝0.6．Theswitch-onpulse
widthofeachsegmentwascalculatedpreviouslyundertheCCMandattherated
conditionsWhenthelDcdecreasedfromtheratedvalue,thepulsewidthwasmodulat‐
edtokeeptheVDcconstant,however,ｔｈｅｃｕｒｒｅｎｔｍｏｄｅｃｈａｎｇｅｄｔｏＤＣＭｆｒｏｍＣＣＭ
ａｓｓｈｏｗｎｉｎＦｉｇ６．
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ＩｔｗａｓｐｒｏｖｅｄｔｈａｔｔｈｅＤＣｏｕｔｐｕｔｖｏｌｔａｇｅｏｆＳＭＲｕｎｄｅｒｔｈｅｆｉｘｅdswitchingfre
quencyandCCMoperationcanbecontrolledtoconstantiｎａｌｌｒａｎｇｅｏｆＤＣｌｏａｄ
ｃｕｒｒｅｎｔｏｎｔｈｅｏreticalandsimulatedbases・However,thereactorcurrentmodevaried
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ＡｕｔｈｏｒｓｗｏｕｌｄｌｉｋｅｔｏｔｈａｎｋＭｒ.Ｙ・EbisuofMitubishiElectricControlSoftwareCo・
forhissupport．
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